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Pressure garments are tight fitting elastic garments 
which apply pressure to the wounded area of the 
human body for treatment. They prevent and control 
the formation of hypertrophic scars by applying 
counter pressure to the burn wounded area [1]. The 
garments are primarily designed to exert pressure on 
a particular part of the body.  
 
Thus, only the correct level of pressure on the 
wound assists the healing process, therefore it is 
important to apply the right pressure on the affected 
part ([2] [3]). This can be achieved by designing and 
making a pressure garment to fit the body part 
correctly to apply the required pressure. However, 
since body contour is not perfectly circle, pressure 
that the pressure garment exerted is different at each 
location ([3] [4]).  
 
Thus, beside pressure garment pattern design 
process, another area which needs attention is the 
pressure measurement. Currently, most of 
researchers used direct measurement ([5] [6] [7]) 
that usually involves the use of a sensor, to measure 
the pressure exerted by the pressure garment. 
However, the drawback of the direct measurement is 
it can only measure the pressure at a limited number 
of places. Moreover, for large injured surfaces, it is 
difficult for the sensor to access a remote area due to 
the limited length. The method of direct 
measurement on the human body is considered to be 
time-consuming and uneconomical ([8] [9] [10]). 
The main reason for the associated time and cost is 
that the pressure garment needs to be constructed 
first to enable direct pressure measurement. 
Furthermore, it is also intrusive for the patient 
causing discomfort. To overcome the problems, this 
research has proposed a non contact pressure 
simulation method to predict the pressure 
distribution exerted by the pressure garment.  
 
The pressure distribution model enables a 
manufacturer or therapist to predict the pressure that 
the garment applies on the body part without 
requiring an in-situ pressure measurement. This is a 
novel, powerful and useful tool. It can also identify 
the locations that have high or low pressure. 
 
2.0 Pressure calculation and 2D 
pressure prediction model 
 
Based on the theory of mechanics, clothing pressure 
at a particular position depends on the curvature of 
the body and fabric tension in the principal 
directions [9].  
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where xκ  and yκ  are the curvatures in the 
















xρ  and yρ are x and y components of radius of 
curvature. However, since yρ is close to infinity 
(due to the near-flat-surface in the vertical 
direction), then yκ  eventually become very small. 
Since Ty is almost zero (because usually the 
elongation in vertical direction is very small), the 
formula can be rewritten as: 
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To simplify the formula, xκ  is substitute with κ  
only, and its radius of curvature is ρ . The tension of 
the fabric in a horizontal direction, Tx, is given by 
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where C0 is the circumference of the body segment, 
C1 is the circumference of the pressure garment and 
E is the rigidity or tensile modulus of the fabric.  
 
By combining all the formulae, the pressure at a 
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For the circumferences of a body, since the body 
scanner is a horizontal type, each layer will have the 
same z-coordinate. By adding up all the distances 
between two adjacent measured-points on the 
periphery of the section in each layer, the 
circumference of the layer can be obtained.  
 
As for circumferences for the pressure garment, it 
can also be calculated using a similar method by 
adding up all the distances between two adjacent 
points in the model. 
 









where nκ is the curvature at point n.  
 
This research used the three point’s method to 
calculate the radius of curvature, in which the radius 
was estimated by using three points. Even though it 
is only estimation, the result can be a good 
indication of the real dimension. Since the same 
method is applied to both the scanned body segment 
dimension and the pressure garment model, the 
reduction factor between the two will not be affected 
by this process. The estimated results approximates 
to the actual values much closer when the distance 
between the points gets smaller.  
 
The method used to calculate the radius of curvature 
is described below.  
 
Suppose there are three points on the circle, 




Figure 1 Three-point-method 
 
The centre of the circle will lie on the perpendicular 
bisector of AB and BC. In other words they will lie 
on lines that pass through the midpoints of chords 
AB and BC and are perpendicular to each chord.  If 
the slope between AB is mAB, and BC is mCB, thus 






−− .  The equation for the 
perpendicular bisectors passing through the 





The ABy  linear equation was represented by thick 
green line on Figure 1. Equation for the 


































The linear equation was represents by thick red line 
in Figure 4.3. These two lines will intersect at the 
centre of the circle where
00 & xxxyyy BCABBCAB ==== . By using 
















By substituting x0 into one of the line equations for 
the perpendicular bisector, y0 can be calculated.  
 
The radius can be found by calculating the distance 
between the centre and any of the three points. For 
this research, the radius of curvature of at a point 
will be calculated by using two points adjacent to it. 
First the x0 and y0 of the centre of curvature using 3 





























example, if point n is to be calculated, then point n-1 
and point n+1 will be used. Then, the radius of 
curvature for point n can be calculated using, 
( ) ( )20
2
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The radius of curvature of each data point in a given 
layer is calculated using this formula. This is 
repeated for each scanned body layer. Now by 
substituting all the parameters into the pressure 
formula (4.1), the pressure at each point can be 
obtained.  
 
After that, a 2D pressure distribution prediction 
model can be developed as shown in Figure 2. 
 
Figure 2 Pressure distributions at one layer  
 
3.0 Development of 3D pressure 
distribution prediction model 
 
Section 2.0 has shown method to calculate pressure 
at each point on the wounded area. Figure 2 shows 
2D pressure distribution prediction model at one 
layer. It is very convenient to enable manufacturers 
or occupational therapists to assess pressure exerted 
by pressure garment. However, when the number of 
layer increases, the 2D model becomes more 
complex and difficult to evaluate and to visualise 
the variations with respect to the neighbouring 
layers. 
 
To overcome the problem, a 3D pressure 
distribution prediction model is needed. In order to 
develop the model, fill3 function in MATLAB is 
used. Figure 3 shows 3D pressure distribution 
prediction model for the whole area of investigated 
body. 
 
Figure 3 3D pressure distribution prediction model 
for whole area 
 
4.0 Experimental verification 
 
The experimental methodology for verifying the 
pressure distribution model is shown schematically 
in Figure 4. A mannequin has been scanned using a 
3D body scanner. Two pressure garment patterns 
(with modulus of elasticity of 504 N/m) were 
developed to exert 2666 Pa and 5000 Pa of pressure 
on the leg at an area between 20 cm to 30 cm height 
from the floor. The pressure that the garment exerts 
on the body part has been calculated by using the 
pressure model developed. Then the results from the 
experiments were compared with those from the 
pressure model. 
 
Figure 4 Flowchart of experiment to verify pressure 
distribution model 
 
4.1 Pressure measurement 
 
3D pressure garment model has been developed 
based on the mannequin body data. Then the 3D 
model has been flattened into 2D pattern. Based on 
the 2D pattern, a real pressure garment has been 
constructed.  
 
Then a pressure sensor (Tekscan’s Flexiforce A201-
1) [11] was used to measure the pressure exerted on 











































the leg by the pressure garment. Eight pressure 
measurements with equal angular separation were 
taken at each layer corresponding to θ = 0, 45, 90, 
135, 180, 225, 270 and 315 degrees. Each layer is 1 
cm apart from each other in the vertical direction. 
The angles, where the sensors were placed, were 
determined by using a computer program that can 
show the positioning, as in Figure 5. The lines 
shown there represent the mentioned angles, or a 
close approximation (to within 1 degree) to the 
angle. The blue line indicates the location of 0 
degree, the reference point, while the yellow line 
represents the 45-degree location. The green lines 
show the other locations separated by 45
0
. To ensure 
that all the readings were taken from the same 
height, a loose rubber string was used. The string 
was attached at the measuring height, and by 
referring to the Figure 5, the locations for the 
sensors on the pressure garment were marked. When 
finished, the string was removed. The sensor was 
attached inside the pressure garment on the mark. 
 
The sensor was left on the location for one minute to 
settle prior to pressure measurements. Inspections 
were carried out regularly to ensure that the sensors 
were on the right spot, and the voltage readings were 
taken. Based on linear calibration graph, the voltage 
is converted to pressure.  
 
 
Figure 5 Location of sensors 
 
The pressure distribution model uses 72 data points 
at each layer, which was determined by the scanning 
instrument. This means that the data points in a 
given layer is separated by approximately 5 degrees 
or around 0.5 cm. On the other hand, in the 
experiments, only eight locations were measured, 
with a 45-degree interval. The sensor’s sensing 
area’s radius is 0.5 cm, which can span across an 
area corresponding to three scanned data points on 
the same layer, i.e. the intended data point and two 
adjacent ones on either side.  
 
In measuring the pressure during the experiment, 
care was taken to place the sensor at correct data 
point. Since the sensor’s sensing area covered 
neighbouring points, the average pressure from the 
pressure point with its two neighbouring points at a 
given layer was calculated. Then, the average 
pressures from pressure points at layers above and 
below were also calculated to include other areas 




Figure 6 Intended location of the sensor  
 
5.0 Result for verification of pressure 
distribution model 
 
Figure 7 shows the result between estimated 
pressures and experimental pressures.  
 
The results show that there is an agreement between 
the pressure predicted by the model and the 
measured pressure. The results proved that the 
model can be used to predict the pressure for a body 
part that does not change its shape or compress 




There are three advantages of the developed 
prediction model. The first advantage is the model 
enables a manufacturer to make early assessment of 
their pressure garment whether it can deliver the 
intended pressure. This reduces the cost and time 
because the problems are now identified before any 
manufacturing process. These abilities also reduce 
the number of defective pressure garments that are 
sent back by the customer due to fitting problems 
because the level of pressure can be assessed earlier. 
 
The second advantage of using the prediction model 
is that a complete pressure map of the wounded area 
is given instead of several point pressures that are 
measured by a pressure sensor. The pressure at a 
difficult to access areas using direct measurement 
can be predicted by the model. This enables the 
manufacturers or therapists to gain better advice 
customer and to alter the pattern design if necessary. 















the locations with flat or concave area which will 
not receive adequate pressure and will need padding. 
Another advantage of the developed method is that 
it will provide a non contact measurement to 
patients who naturally do not like their body being 
intruded. Patients may consider body pressure 
measurement as intrusion to their privacy. This 





This paper has discussed a method to develop a 
pressure distribution model. The model is important 
because it enables the therapists to evaluate the 
effectiveness of the designed pressure garment. It 
also enables the development of simulation of the 
pressure distribution. The model has been developed 
using data from a 3D wounded area and pressure 
garment model. From the 3D wounded area data, the 
circumference and radius of curvature are 
calculated, and converted into a 3D pressure 
garment data, using the required reduction factor to 
achieve the desired pressure. By using both 3D 
wounded area and pressure garment data, the 
fabric’s modulus of elasticity, the tension in the 
fabric is calculated. Then by using Laplace’s Law, 
the pressure distribution at the wounded area is 
calculated. Pressure garment are customized for a 
given body part, made using the above data and 
applied to the subjects. Then the pressure is 
measured to obtain experimental distribution. Then 
the predicted pressure results have been compared 
with the experimental results. They showed 
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